We have analyzed the response to vernalization and light quality of six classes of late-flowering mutants (fb, fca, fe, fg, ft, and fy) previously isolated following mutagenesis of the early Landsberg race of Arabidopsis thaliana (L.) Heynh. When grown in continuous fluorescent illumination, four mutants (fca, fe, ft, and fy) and the Landsberg wild type exhibited a reduction in both flowering time and leaf number following 6 weeks of vemalization. A significant decrease in flowering time was also observed for all the mutants and the wild type when constant fluorescent illumination was supplemented with irradiation enriched in the red and far red regions of the spectrum. In the most extreme case, the late-flowering phenotype of the fca mutant was completely suppressed by vernalization, suggesting that this mutation has a direct effect on flowering. The fe and fy mutants also showed a more pronounced response than wild type to both vernalization and incandescent supplementation. The ft mutant showed a similar response to that of the wild type. The fb and fg mutants were substantially less sensitive to these treatments. These results are interpreted in the context of a multifactorial pathway for induction of flowering, in which the various mutations affect different steps of the pathway.
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Light quality, photoperiod, and low temperature are among the most important environmental factors which affect the onset of flowering in plants (2, 5, 9) . Substantial effort has been devoted to characterizing the ways in which different plant species sense and respond to these environmental variables (1, 2, 6, 15, 26) , but the molecular mechanisms involved in floral induction remain unknown. Genetic analysis of species which are polymorphic for flowering time has been useful in revealing the action of some of the genes involved in the control of flower initiation (1, 13, 18) . However, the interpretation of the effects of these genes has been complicated by the lack of isogenic lines and the lack of a method for identifying the genes or the gene products affected by the mutations. In these respects, Arabidopsis is an attractive model species for a genetic analysis of flowering because the rapid development of the molecular genetics of Arabidopsis ' Arabidopsis thaliana is a quantitative long day plant. Long photoperiods promote flowering in all Arabidopsis ecotypes. However, this is not an absolute requirement and plants of all ecotypes will flower in short days. Similarly, exposure to cold temperatures accelerates flowering of many geographical races of Arabidopsis. This requirement is also not absolute, and all ecotypes will eventually flower without exposure to cold temperatures (reviewed in [19] [20] [21] . There have been several reports of the isolation of induced mutations in early races ofArabidopsis that resulted in delayed onset offlowering under certain environmental conditions (1 1, 12, 14, 16, 22, 25) . Most ofthese mutations were recessive or semidominant. The most thoroughly characterized mutations of this class were isolated and studied by Hussein (1 1, 12) and others in the Van der Veen laboratory (14) .
As an approach to understanding the molecular mechanisms which regulate flowering in Arabidopsis, we have extended the analysis of six loci previously implicated in this process through mutant analyses (14) . A major goal of our analysis was to explore criteria by which we might determine whether these mutations affect flowering directly or indirectly. This is of particular concern since we have observed (unpublished) that mutants ofArabidopsis deficient in starch biosynthesis have a late-flowering phenotype under some circumstances. It has previously been noted that with certain mutants, vernalization appeared to have a positive effect in reducing flowering time (7, 11, 12, 16, 25 Figure 1 . In other experiments, the fluorescent lamps were supplemented with incandescent lamps, which produced an additional peak of red light at 660 nm and an increase in the amount of far red irradiance (Fig. 1) .
A. thaliana can be vernalized at the seed stage (19) . Therefore, vernalization treatments were performed on seeds sown in pots and incubated at 4 ± 1°C in low light (about 2 umol m-2s-') for different times prior to transfer into the growth chamber. Since seeds germinated during the vernalization treatment, the result was that vernalized plants were at a slightly more advanced stage of germination than nonvernalized plants when moved into the growth chamber. This difference in developmental stage at the onset of the FT2 and LN measurements was responsible for a small increase in FT of the nonvernalized plants with respect to the vernalized ones. However, it does not account for the increased LN of the non-vernalized plants with respect to the vernalized ones.
Experimental Scheme
Responses of mutants and WT to the different light quality regimes and vernalization treatments were measured by scor- 
Effect of Light Quality on Flowering Time and Leaf Number
In preliminary experiments we observed considerable differences in flowering time between plants that had been grown with fluorescent lamps and plants grown with an incandescent supplement. Therefore, we measured the effect of these two light regimes (Fig. 1) on FT of the different mutants (Table  II) . The FT of all lines was reduced by the incandescent supplement, and mean differences in FT due to the treatment were statistically significant in all cases. The same three mutants (fra, fe, and fy), which were most affected by vernalization also showed the greatest reduction in FT by treatment with incandescent light. The ft and fg mutants showed a comparable reduction to the WT, while the Jb mutant was less responsive than the WT (Table II) number was analyzed for the fca mutant and WT ( Fig. 4 ; In order to determine if the effect of incandescent light was independent of the duration of the vernalization treatment, we scored FT and LN of WT and the fca mutant vernalized for different times and grown with or without incandescent supplement (Fig. 4) scheme, winter races arose as a consequence of mutations in the main induction pathway which resulted in the plant becoming dependent on the cold-inducible pathway.
WT plants also responded to an incandescent light supplement with a reduction in FT and LN (Table I) . Using different Arabidopsis races Meijer (17) and Brown and Klein (3) showed that blue light, an important component of fluores- . Based on these results, the effect of the incandescent supplement in our experiments is probably due to their higher far red component (Fig. 1) .
Mutant Responses
At least four of the late-flowering mutants (fra, fe, fy, ft) responded to both vernalization and incandescent light by decreasing FT and LN. However, since the WT also responded to these stimuli, the question is whether the mutant responses were significantly different with respect to the WT. Comparison ofthe effects of 41 d of vernalization versus no treatment indicated that three mutants (fta, fe, fy) showed a greater reduction in FT and LN than WT (Table I ). In the fca andfe mutants both 41 d of vernalization or growth with incandescent supplement can largely overcome the delay in flowering time produced by the mutation. When plants were grown under incandescent illumination after 60 d of vernalization, FT of thefca mutant and WT were 19.1 ± 0.1 and 19.2 + 0.1 d, respectively. These means were not statistically different, indicating that, at least for thefca mutant, longer vernalization treatments can completely overcome the delay in FT caused by the mutation. Therefore, we conclude that the fca mutation, and possibly thefe mutation, specifically affects the activity of a gene involved in flowering. These results do not permit a distinction between an effect on the production of a flowering stimulus or the ability of the apex to respond. The inductive mechanisms, could be directly or indirectly affected in the response to whatever signals are produced along these inductive pathways.
In conclusion, the differences in the phenotypes of the various mutants suggests that there are several factors interacting in the flowering process, and that the effects of mutations affecting one ofthese factors can be offset in many cases by the action ofthe others. These results agree with the theory of a multifactorial control of flowering (1) . The mutations analyzed here may represent only a subset of the possible number of mutations which can cause late-flowering. It is, therefore, essential to develop criteria by which the lateflowering phenotype associated with a particular mutation may be attributed to either direct or indirect effects of the mutation. In this respect, it seems likely that the isolation of the genes corresponding to one or more of the mutations described here will provide an insight into the mechanisms which regulate flowering in higher plants.
